Fields in Occupational Settings: Hirofumi SAKURAZAWA, et al. Department of Environmental Health, School of Medicine, Fukui Medical University-Objective-It is important to have data about occupational magnetic field intensity to consider the contribution of occupational magnetic field exposure on the human body. We conducted research on exposure to occupational magnetic fields and tried to qualify data on the distribution of magnetic field' intensity in certain general working environments with individual measurements. Subjects and Methods-We performed sample research on the exposure to lowfrequency magnetic fields of workers in certain occupations and in the working environment. We also assessed the relationship between working environmental magnetic field distribution and individual exposure. Results-Some occupations were found to be exposed to high magnetic fields. We observed that some workspaces, such as the transformer substation, generally had a uniform and high magnetic field measurement but employees were exposed to a lower intensity. We also found that welders were exposed to high magnetic fields at about 600 µT in a very short time but with a geometrical value of 0.08 µT. Conclusion-The determination of administrative levels and control levels, not only of the time weighted average of threshold limits or short term exposure limits, but also ceiling limits should be considered. More systematic research is necessary to determine variables such as operating conditions, measuring position, and frequency bands. Also, further studies will be needed to make a job-exposure matrix for the magnetic fields for each occupation type and to combine it with exposure in non-occupational settings
, various reports on the influence of electromagnetic fields on human health have been published. Most of them have been concerned with an increase in the risk of malignant diseases e.g. leukemia, brain tumors.
In recent years, several reports of epidemiological research concerning the relationship between electromagnetic fields and malignant diseases have been published. Some of these original papers or reviews showed that magnetic fields increased the risk of cancer but some did not. There is no obvious explanation for the discrepancies among the major studies. These could be due to real differences among populations or methodological errors in individual studies.
Exposure measurements from electromagnetic fields representing each occupational category differ markedly across workplaces and industries [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . In these studies, measurements for a given occupation were generally made at one worksite. The assumption of equivalent magnetic field exposure across settings is tenuous, particularly comparing diverse workplaces 2) within the electric utility environment 4, 5) . Identical average intensity or cumulative exposure may mask important differences in the temporal patterns of exposure.
Furthermore, the approach to grouping workers, selecting individuals for exposure measurement, the types of instruments used, and use of the data to classify and analyze exposure (cumulative time-weighted average (TWA) or multiple indices) may all contribute to divergent results. Delpizzo 6) noted that there was substantial misclassification of individual exposures based on using job titles. In the 1990s, investigators had begun to incorporate magnetic field measurements into the construction of job-exposure matrices as a method of estimating the electromagnetic field exposure level. This is done by measuring the standard exposure level of each job type and adding an estimated exposure value based on the work type and length of employment. Nevertheless, the risks from electromagnetic field exposure have sometimes weakened according to the results of these studies 7, 8) . The exposure misclassification resulting from mis-judgment is virtually certain to be no different. As a result, the precision of the exposure estimates will be limited, resulting in the "classical" type of misclassification and attenuation of the dose-response relationship. These exposure assessments are also limited because they use information based only on occupation and the time of diagnosis.
Another problem is the assessment of historical exposure to magnetic fields. Some recent studies have documented an individual's time at a particular job during the past several years with an additional measurement of the present exposure to magnetic fields 9) . This allows a job-exposure matrix to be made to get a more accurate assessment of historical exposure to a magnetic field in the workplace. Therefore, the current reality is that we need further research in this area.
In Japan, there has been little epidemiological research based on measured values of exposure to magnetic fields. Japan differs from Western countries in voltage and peripheral elements including electric wires, position of power cables and operating procedures. Information on exposure levels to magnetic fields in occupational settings is important for evaluation of the dose-response relationship in future epidemiological studies and working environment control, but Japan's accumulation of data on exposure to magnetic fields in public places and in occupational settings is smaller than in other countries. A first step in a complete surveillance effort is to prioritize industries in order of potential magnetic field exposures for subsequent personal monitoring and source characterization. In this study, we selected occupational settings where the workplace exposure to magnetic fields could be considered relatively high, and we used individual exposure-measuring instruments to collect sample values. We also performed working environment measurement. We imitated the "sampling points A" method and the "sampling point B" method which have been used in order to assure accurate working environment measurement and established control levels for the working environment in the Working Environment Measurement Law in 1975 and the Working Environment Measurement Standards (Ministry of Labour Notification N0. 46, 1976 12) .
Subjects and Methods

Sampling Strategy
Measurements of magnetic fields in a work environment were first conducted in a transformer substation (A) of an electric power company as a one unit work environment, which could be considered to be a work site with relatively high exposure to magnetic fields. We selected this work environment to clarify whether there is no remarkable variation in exposure or consistency in individuals even when workers' positions vary in this set unit. We imitated the "sampling points A" method. We drew a line lengthwise every 0.5 m from the entrance, then sideways and made a grid with the intention of choosing sampling points at random. Nevertheless, machinery prevented us from measuring in this fashion so we measured the magnetic field at 3 points on every lateral line, "50 cm from switch gear", "50 cm from transformer" and "around the distributing board". We also measured where the worker was considered to be at maximum exposure, the "sampling points B" method. We also measured personal exposure.
Measurements were next conducted in an ordinary office (B), with relatively low exposure to magnetic fields. We measured magnetic intensity and electric intensity around office machinery.
We also measured other occupational workplaces where permitted by informed consent with a privacy policy, conducting personal monitoring and the "sampling points B" method in order to test whether occupational types are a surrogate for magnetic field exposures. Personal monitoring surveys were conducted by 8-h timeweighted average (TWA) 13) . The time weighted average of an eight-hour workday is calculated with the following equation
where Vi is a value within a certain time during a period Ti when the value is constant.
In the office environment, the workers were exposed to the magnetic fields during all working hours. Using a TWA of the duration of exposure, their cumulative exposure value may be high when compared with the residential exposure level. Full work shifts spent close to low current sources may produce greater exposure than occupations spending short work periods close to high current sources and the remainder of the working day in low exposure situations. Thus we measured the exposure values for each job description in the electric power company.
Monitoring Strategy
In order to measure the exposure value, we used the EFA-3 (manufactured by Wandel & Goltermann, Inc.). The frequency band of the EFA-3 is 5-30 kHz the measuring range of the electric field is 0.1 V/m-100 kV/ m, and the magnetic field is 10 nT-10 mT). It was used by a Class 1 Working Environment Measurement Expert stipulated in Article 2 of the Working Environment Measurement Law (Law No. 28 of May 1, 1975) during the survey at each facility. The EFA-3 contains a frequency counter, real triaxial (isotropic) probes and electronic signal processing that measures and analyze the field components in the three spatial axes x, y and z. It measures not only peak value but also the three rootmean-square (RMS) components which yields the RMS vector magnitude of the extremely low frequency (ELF) magnetic flux density.
In order to measure individuals magnetic field exposure, we used a memory-type portable exposuremeasuring instrument, the ML-1 (Manufactured by Enviro Mentor, Inc.), in addition to the EFA-3. The frequency band of the ML-1 is 30-2,000 Hz and the measuring range of the magnetic field is 0.05 µT-100 µT. The ML-1 contains three orthogonal induction coils and electronic signal processing that measures and registers the RMS value of the magnetic alternating fields in the x, y and z directions, irrespective of the direction in which the instrument is pointing in relation to the magnetic field. The ML-1 can record and store a series of measurements at intervals of between 1 and 150 s, and can store up to 8, 192 readings. It measures the three RMS components, yielding the RMS vector magnitude of the extremely low frequency (ELF) magnetic flux density in microtesla (µT).
The measurements were conducted in an indoor transformer substation (A), office (B) and other places, which, because of the privacy policy, we could not describe in detail. A Class 1 Working Environment Measurement Expert, accompanied us and gave us some suggestions. We measured the indoor transformer (A) at every point placed by the EMF-3 probe mounted on a one-meter tall stand. We also measured where every employee in the transformer substation (A) was considered to be at risk of maximum exposure. We also measured personal monitoring by the ML-1 attached to the waist of the worker.
The Class 1 Working Environment Measurement Expert walked through 14) the office (B) and searched where to take measurements at work stations where workers spent long periods of time near magnetic field sources. We placed the probe mounted on a one-meter tall stand as close as possible (about 30 cm) to an individual's work station. We also measured the amount of exposure to the electric field during work time.
The individual measurements were conducted on VDT operators and 8 office workers from (A) and (B) and 2 thermo-electric plant operators from (A). Furthermore, 3 electric furnace operators, 4 gas shield door arc welders, 5 train crew members, 2 railroad maintenance workers, and 2 operators were also measured in different industries. The sample measurements were taken every 5 s for a full working day on each worker, but in the case of the thermoelectric power plant workers, it was taken every 10 or 20 s for a working day because of their shift work. The ML-1 was attached to the waist of the worker, and environment measurement to detect peak magnetic field exposure was taken by the Class 1 Working Environment Measurement Expert with the EFA-3 set on the floor at a distance of 1 meter from the subject. After each measurement, data were downloaded to a portable computer. Explanatory variable information which may influence exposure was recorded by observing the activities of the workers. All magnetic field strengths were measured at 60 Hz. The manufacturer detected no significant change in calibration after the course of the study.
Results
The results of the utilization of the "sampling points A" method survey in workplace measurements in the indoor transformer substation (A) are shown in Table 1 . The table has a lengthwise line number every 0.5 m from the entrance door, and each 3 measured point magnetic fields including "50 cm from switch gear", "50 cm from transformer" and "around the distributing board" along the each line. In this working environment, relatively high exposure values to magnetic fields from 1.0 to 7.0 µT were measured in spite of the variation in measuring periods. In other words, workers were exposed to chronically high magnetic fields. The factor having the most effect on an individual's cumulative personal exposure is thought to be the amount of time spent in a particular position with high exposure near the source. The exposure value for each job description in the transformer substation (A) and the office (B) is shown in Table 2 . Personal exposure and the explanatory variables were measured for a full working day in each worker. Considering one engineer's exposure, the 8 h TWA value ranged from 0.5 µT to 3.0 µT and peak exposure values differed greatly among job descriptions, because distances from the magnetic field source, working conditions and time varied in each case.
On the other hand, in an ordinary office where OA machines were in use, relatively low magnetic field exposure values from 0.4 to 1.88 µT were measured around the OA machines (Table 3 ). According to Table  2 , despite the limited sample number, the office worker's cumulative exposure value may be low.
Based on the above results, we recorded the situation of each work site's exposure to magnetic fields in Table Table1 4. Four exposure metrics were obtained from the ML-1: mathematic mean, 5% value, 95% value and geometric mean. The maximum value was obtained by the EFA-3. Electric power plant operators' geometric mean exposure was 0.43 µT, about 5 times higher than that of welders. The railroad maintenance operator exposure average was 0.18 µT, and of the train crew was 0.25 µT and higher than that of the welders. Electric furnace operators had the risk of exposure to very high current sources. We also found when using the EFA-3 that welders were exposed to a high magnetic field, of about 600 µT. High temperature welding could influence the readings on the EFA-3 and prevent us from finding the exact maximum value. From the measurement of welders with the ML-1, the geometrical value was only 0.08 µT, indicating a significant difference between the maximum value and the geometrical value. Of course, the ML-1 measuring range for the magnetic field is 0.05 µT-100 µT and cannot detect higher values.
Discussion
Industrialization has introduced many electric machines to assembly lines and offices. It has been reported that exposure to electromagnetic fields around high voltage cables or electric construction increases the incidence of leukemia [2] [3] [4] , brain tumors 3) and breast cancer 15) . As carcinogenicity is based on epidemiological associations, a recent US government review classified extremely low frequency (ELF=3-3000 Hz) magnetic fields as a "possible carcinogen" 16) . On the other hand, in vivo studies have found almost no increase in either leukemia or brain cancer from magnetic field exposure, although such animal experiments have limitations as predictors of human carcinogenesis with environmental EMF 17) . There have been some reports suggesting that evidence of a relationship between carcinogenicity and exposure to electromagnetic fields from electric machines is minimal 15) . There is no clear evidence of a dose-response relationship with workers in jobs with higher exposure to magnetic fields more likely to suffer from malignant carcinoma than in jobs with lower exposures. These could be caused by the difficulty of evaluating the effects of magnetic fields on the human body. For example, in evaluating exposure to magnetic fields, a method taking into account past and total cumulative exposure has been difficult to develop and easily causes measurement bias. In terms of comparative studies or retrospective cohort studies, it is difficult to directly measure the amount of past cumulative exposure to magnetic fields. In residential settings, instead of measuring residential cumulative exposure to magnetic fields directly, a method called the "Wire Code Method 1) " is used as a surrogate. By this method, researchers estimate exposure values by the distribution of the electric power volume or cables, and the cumulative or past exposure value is calculated 11, 18) . Savits 7) concluded that estimates based on the "Wire Code method" could be an indication of the exposure value inside the house. In order to evaluate the relationship between the exposure level and health effects, Savits reported that instead of using the cumulative exposure value, the appropriate exposure value could be estimated by applying a method called job-exposure matrices to the electromagnetic field 8) . In his report, he applied jobexposure matrices to the electromagnetic field as a method of estimating the electromagnetic field exposure level by measuring the standard exposure level of each job type and adding an estimated exposure value based on the work type and years of employment. The current study was designed to attempt to make more accurate assessments of electromagnetic field exposure. Considering this situation, explanatory variables should be investigated.
The results of this study provide new information on ambient magnetic fields magnitudes in diverse occupational settings. The utilization of the "sampling points A" method and "sampling points B" method survey provided a systematic method to rank industrial magnetic field environments, which permitted surveys to be conducted in a wide variety of industries/facilities where magnetic field levels have not been previously documented.
The survey also identified some high magnetic field sources, such as an electric furnaces and welding.
The survey collected important qualitative information about sources that could help to explain magnetic field measurements. In the transformer substation, there were some areas of high intensity magnetic fields (Table1), but this conclusion is limited because the duration of measurement was short. Although the raw data in Table  2 seemed to show the correlation between electric intensity and magnetic intensity, the magnetic field intensity due to office machines was low. The reliability of this conclusion is limited by the non-random selection of facilities (Table3). From Table 3 , it is seen that the desk worker spent less time in areas with strong fields. We have also noted that engineers seldom worked alongside equipment with high magnetic fields, for example, a power panel. Tables 1-3 show that many moderate magnetic field sources have created high ambient fields and a greater potential for worker exposure. In addition, this survey collected information about the number of workers moving from area to area who do not regularly occupy a fixed workstation. We therefore measured them by personal monitoring and used the analysis of the magnetic field surrogates since the ML-1 is likely to indicate overall worker exposure in a facility. The measurement technique is limited by the specifications of the ML-1. Some mathematical mean values were 10 times larger than the geometrical mean values. The ML-1 has a band width of 30-2,000 Hz and a dynamic range of 0.05 µT-100µT and will not accurately record the magnitude of fields outside this range because some data might be outside the range. Furthermore, the ML-1 meter only measures the RMS vector magnitude of the extremely low frequency magnetic field and not other field characteristics, potentially important to biology 19) . It is also thought that welders used electricity momentarily or welded for a short period, and for the remainder of the working day they worked in low exposure situations. In order to characterize harmonic frequencies, high frequency transients, and equipment operating at frequencies outside the range of the ML-1 instrument, a more detailed survey is needed with a waveform-capturing instrument 20) . In this research, the mathematical mean was found by taking the total of each worker's measured mathematical mean value and dividing this total by the number of workers. The geometrical mean value was determined by taking the total workers' geometrical means and dividing it by the number of workers. The geometrical means may be affected by the number of sources as well as the source magnitudes 14) . A high geometric mean could indicate that the worker was exposed to a relatively high magnetic field for a short time but the poor correlation can be explained by the relationship between the electric power and magnetic fields, which is strongly modified by the source voltage and wiring configuration 14) . In order to make things clear, it is necessary to take a measurement in the occupational setting where the workers are constantly exposed to a relatively high magnetic field and record the distribution of the magnetic field with one meter equipped for data collection and having a wide range. To determine the matrices of job-exposure to the magnetic fields in various occupation types, it will be necessary to conduct many preliminary direct surveys on exposure to magnetic fields in various occupational settings.
The field strength was influenced by such conditions as the distance from the generating source, usage, working conditions and duration of work time. Given these limitations, magnetic field surveillance data cannot be used at the present time to guide exposure control efforts, the traditional role of hazard surveillance. But from the surveillance data, it can identify magnetic field sources and probably provide guidance for the personal monitoring and analysis of future epidemiological studies. The results of this report can assist the description of magnetic field exposure because the characteristics of the measurements of magnetic fields in work environments had considerable variation, so that a combination of measurement strategies should be considered. We also clarified that measurements need to be conducted not only in field surveys but also in personal monitoring surveys. The advantage of the "sampling points A" method and "sampling points B" method survey is that workers may not influence the data collection because we place the monitor close to the electrical equipment. In addition, the survey was easily conducted and workers did not appear to be disturbed during the production processes. Thus the combination of surveys can allow calculation of an exposure estimation formula considering variables in operating conditions, measurement position, and frequency band in actual situations.
Our research also indicated that the distribution of exposure differed depending on the job type. This point should be taken into consideration when evaluating exposure to magnetic fields in epidemiological research. It should also be recognized that the measured value is not always the typical general exposure value for the occupation type observed.
An important goal is to assess the relationship between the "sampling points A" method and "sampling points B" method survey and personal measurements. Determination of administrative levels and control levels, with not only the time weighted average of the threshold limit value or short term exposure limits, but also the ceiling limits should be considered.
It will also be necessary to make an exposure index by combining the measured results, because the value of each magnetic field is not constant or typical even in similar occupational fields. Results from the "sampling points A" method and "sampling points B" method survey cannot be compared directly with the TWA of magnetic field magnitudes measured by personal monitoring because workers may move in and out of the magnetic fields.
In the design of future research, scientists should concentrate on improving the exposure assessment and accounting for various confounders. The study on occupational exposure should include environmental and/ or residential exposure, in addition to the information from the occupation and the result of direct or indirect measurement of the electromagnetic field in the workplace. This is most easily accomplished with the use of a function-equipped portable monitor attached to the subject as done in this study, in conjunction with an activity diary or an estimate of time spent in different activities. Finally, data on other risk factors should also be gathered, including exposure to carcinogenic chemicals and viruses.
Conclusion
In order to assess the exposure to magnetic fields in an occupational setting, we conducted sample measurements of exposure to extra low frequency electromagnetic fields. Our results showed that employees of electric companies or railroad maintenance workers were exposed to the same intensity level of electromagnetic fields as welders or inductive heating apparatus operators. Also, other factors including distance from the generating source, usage, operating conditions and duration of working time influenced the electromagnetic field exposure. This research was conducted in specific and limited situations, so that more systematic research is needed to allow calculation of an exposure estimation formula considering variables such as operating conditions, measurement position, and frequency band, as well as actual exposure data in different jobs.
Data accumulation is also necessary to determine a matrix of job-exposure to the electromagnetic field for each occupation type and to combine it with exposure from non-occupational settings to explore the relationship between exposure to electromagnetic fields and diseases.
